Ziziphus jujuba Mill. var. spinosa (Z. jujuba) seeds have attracted much attention within the field of medicine due to their significant effects against disturbances of the central nervous system. Secondary metabolites composition is key to the influence of the pharmaceutical and commercial qualities of this plant. In this work, the phytochemical profile of Z. jujuba seeds was analysed by ultrahigh performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) and gas chromatography-mass spectrometry (GC-MS). The UPLC-MS/MS information identified the main secondary metabolites in Z. jujuba seeds, including flavonoid C-glycosides, triterpene acids and unsaturated fatty acids. The leading chemical identified by UPLC-MS/MS was betulinic acid, and oleic acid was the leading volatile from the GC-MS results. All the samples tested showed similar phytochemical profiles, but levels of the chemical compounds varied. Principal component analysis revealed the principal secondary metabolites that could define the differences in quality. It was confirmed that the combination of UPLC-MS/MS and GC-MS was an effective technique to demonstrate the pharmaceutical quality of Z. jujuba seeds.
Introduction
Ziziphus is a genus which has approximately 40 species of the Rhamnaceae family, and is distributed mainly in warm and subtropical regions throughout the world. As an important economic species of this genus, Zizyphus jujuba Mill. var. spinosa has generated much commercial value due to its signicant pharmacological functions. Insomnia and anxiety are the main pharmaceutical activities attributed to the species in the wider application of this medicinal species. 1 In addition, it also has good bioactivities against weakness, hyperhidrosis, liver complaints, urinary trouble, fever, hypertension and hyperlipidemia. 2, 3 Compared to other hypotonic plants, such as kava, Z. jujuba (seeds) has a slow onset of effect, and has both a longterm effect on sleep architecture and low toxicity. As the commercial quality of the biological sources is readily affected by a number of factors, like the growing environment, processing conditions and genetic background the pharmaceutical capabilities of Z. jujuba seeds from various commercial sources vary.
Therefore, the pharmaceutical quality needs to be determined before use. Natural bioactive compounds, including phenolics and carbohydrates, are responsible for the pharmaceutical activities of this medicinal herb. 5, 6 As an important ingredient of Chinese traditional medicines, Z. jujuba seeds have abundant bioactive secondary metabolites, including triterpene acids, unsaturated fatty acids and avonoid C-glycosides, [7] [8] [9] which are critical chemicals involved both in disease treatment and health benets.
Metabolomics is being increasingly utilized to gain insight into the chemical composition of biological materials. 10 Determination of metabolomic proles by ultrahigh performance liquid chromatography-tandem mass spectrometry (UPLC-MS/ MS) and gas chromatography-mass spectrometry (GC-MS) has been recently adopted as an effective technique to understand the chemical nature of a medicinal plant. Though nuclear magnetic resonance spectroscopy (NMR) is also widely applied in metabolomics, the MS-based technique shows better precision and resolution than NMR. Therefore, in this work, the phytochemical prole of Z. jujuba seed was analysed by both UPLC-MS/ MS and GC-MS to judge the quality of commercial Z. jujuba seed.
Materials and methods

Plant material
Six Z. jujuba seeds were purchased from Neautus Traditional Chinese Medicine Co. Ltd (Chengdu, China), Guanghong Pharmaceutical Co. Ltd (Guangzhou, China), and Yifang Chinese Medicine Co. Ltd (Anguo, China), respectively. Seed samples 2#, 4# and 6# were raw Z. jujuba seeds from Wenshang, Shandong province, Zhanhuang, Hebei province and Anguo, Hebei province, respectively. They were treated to obtain samples 1#, 3# and 5# by the following procedures. One kilogram of raw Z. jujuba seeds was heated at 200 C with agitation.
The seeds were toasted brown and when a pleasant aroma could be smelled, they were collected as the heat-treated sample. Each sample was pulverized into powder and sieved through 60-mesh sieve.
UPLC-MS/MS analysis
Two grams of Z. jujuba seed powder were extracted with 20 ml methanol during the course of one week in the dark at room temperature. The extract was centrifuged at 8000g for 10 min. Each sample was extracted in triplicate. The supernatant was collected and subjected to UPLC-MS/MS analysis. AcquityÔ UPLC (Waters, Milford, MA, USA) equipped with an AcquityÔ UPLC BEH C18 column (1.7 mm, 2.1 Â 150 mm) was used for chemical isolation. A gradient elution programme was conducted as follows: 0-2 min, 5% solvent B; 2-17 min, from 5% to 30% solvent B; 17-20 min, from 30% to 55% solvent B; 20-35 min, from 55% to 100% solvent B; 35-37 min, from 100% to 5% solvent B; 37-39 min, 5% solvent B. Solvent A was 0.1% formic acid in water, and solvent B was acetonitrile. The ow rate was 0.25 ml min À1 . The column temperature was kept at 35 C.
Detection was performed on a triple quadrupole mass spectrometer detector using an electrospray ionization (ESI) interface. Ionization of the analytes was achieved using ESI in negative mode. The interface conditions were as follows: capillary voltage, 1.0 kV; cone voltage, 10 eV; collision voltage, 10 eV; source temperature, 150 C; desolvation temperature, 500 C; cone gas, nitrogen at a ow rate of 50 l h À1 ; desolvation gas, nitrogen at a ow rate of 800 l h À1 ; collision gas, argon at a ow rate of 0.2 ml min À1 . Mass scan was set in the range of m/z 50-2000. The daughter ion mode was monitored at a collision voltage in the range of 10-40 eV.
GC-MS analysis
One gram of Z. jujuba seed powder was extracted with 10 ml of hexane-acetone (7 : 3, v/v) during the course of one week in the dark at room temperature. The extracts were centrifuged at 8000g for 15 min. The supernatants were collected and subjected to trimethylsilyl derivatization due to the occurrence of organic acids. The trimethylsilyl derivatization was conducted by the same method as Yang et al. 11 A gas chromatography-mass spectrometer (GCMS-QP 2010, Shimadzu, Kyoto, Japan) was used to analyse the chemical composition. The derivatives were loaded into a RTX-5 capillary column. The temperature program was set as follows: the initial temperature of column was 50 C, holding for 1 min, increasing to 250 C at 3 C min À1 , holding for 17 min, increasing to 280 C at 10 C min À1 ; injection temperature: 250 C. The ion source of the mass spectrometer was set at 250 C. The scanning m/z range was 20-550 amu. 1 ml of sample was injected and the split ratio was 10 : 1. The carrier gas was helium with ow rate of 1.0 ml min À1 . The peaks were identied by NIST database and retention index.
Data analysis
For each sample, the peak heights of chemicals in the mass spectra were recorded and averaged over three replicates. An unsupervised multivariate statistical method, principal component analysis (PCA), was used on UV-scaling data. PCA was performed to visualize the clustering of different samples without any knowledge of their group membership.
Results
The composition of semi-polar phytochemicals determined by UPLC-MS/MS
UPLC-MS/MS analyses were conducted on the methanolic extract of Z. jujuba seeds to identify semi-polar chemicals. Fig. 1 shows the full scan ESI-MS spectra in negative mode, which record the levels of secondary metabolites. Identied chemicals are listed in Table 1 . Those chemicals with relatively high peak are interpreted here. . 12 A base peak at m/z 188.9 was characteristic of the fragmentation of triterpenoid molecules with a lupane skeleton bearing a hydroxy group in position 3. It had arisen from the fragmentation of the C ring by cleavage of C9-C11 and C8-C14 bonds followed by the loss of H 2 O. 
Volatile chemicals composition determined by GC-MS
The volatile chemicals were extracted by hexane/acetone, trimethylsilylated and determined by GC-MS, which gave 22 volatile compounds (Table 2) , including alcohols, carboxylic acids, esters, and terpenoids. The leading volatile chemical was oleic acid in the GC-MS prole (Fig. 1B) . Linoleic acid and stearic acid were the next most prolic volatile chemical. Other volatile compounds with percentage higher than 5% were palmitic acid and 2-monoeicosanoylglycerol, respectively.
Principal component analyses
Principal component analysis was conducted on the semi-polar phytochemicals of Z. jujuba seed samples. The rst two principal components explained 59.2% of the total variance, in which the rst principal component explained 33.6% and the second explained 25.6%. The loading plot (Fig. 3A) revealed the principal compounds responsible for the sample difference. As shown in Table 3 , the chemical with an absolute value higher than 0. and low amount of 6 00 -feruloylspinosin. Sample 2# and 4# seeds were located in the proximity of 1# seeds in the score plot (Fig. 3A) , which indicated that they shared high similarity. Sample 3# root showed high levels of pseudolaroside B and chemical 12, an unknown compound, and low levels of glycerol ester 1. Sample 5# seeds was characterized by large amount of ceanothic acid. Sample 6# was isolated from the other ve seeds in the score plot, which suggested that it was quite different to them based on the chemicals levels observed. Fig. 3B shows the results of PCA on volatile chemicals levels. The rst two principal components explained 74.0% of the total variance, 52.1% by the rst component and 21.9% by the second component. Major chemicals dening the rst principal component were tetradecanoic acid, palmitic acid, linoleic acid methyl ester, oleic acid methyl ester, 9-octadecenoic acid, 11-eicosenoic acid and eicosanoic acid. The second principal component was mainly characterized by linoleic acid ethyl ester, ethyl oleate, 2-(9,12-octadecadienyloxy)-ethanol, 1-monopalmitoylglycerol and thymol-glucoside (Table 4) . Samples 1# and 6# were isolated from the other four seeds as shown in the score plot (Fig. 3B) . Sample 1# Z. jujuba seeds was characterized by high levels of linoleic acid ethyl ester and thymol-glucoside. Sample 6# seed was characterized by high levels of 11-eicosenoic acid and eicosanoic acid.
Discussion
Phytochemical prole of Z. jujuba seeds
Metabolomics is a systemic investigation of small molecular chemicals proles, which provides a good way to evaluate the quality of plant resources, like medicinal herbs. At present, UPLC-MS/MS and GC-MS are two efficient and precise techniques to resolve the metabolomic prole of plant resources.
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The former can identify semi-polar chemicals in a precise and time-saving manner. It has been widely applied to characterize plant secondary metabolites. GC-MS can reveal the chemical nature of volatile chemicals, which dene the avor of a plant.
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GC-MS also provides complementary data to UPLC-MS/MS
analysis to obtain a complete metabolomic prole. From the phytochemical prole obtained in this work, it could be concluded that six Z. jujuba seeds had similar phytochemical proles, but that the level of each peak varied.
Through phytochemical prole investigation, approximately 50 chemicals were identied from Z. jujuba seeds. As most of chemicals are difficult to obtain commercially, the structures identied in this paper identify the possible chemicals on the basis of fragment ions and the literature. It is generally accepted that Z. jujuba seeds are a good candidate to treat insomnia and anxiety. Thus, the distribution of pharmacological active chemicals contributing to these effects should be investigated. Jujubosides, including jujubosides A and B, were detected as two independent peaks in the UPLC-MS/MS prole. Both contribute to the benecial hypnotic effect of Z. jujuba seeds, and the mechanism of action for jujubosides is related to the serotonergic system. 20 Spinosin is a characteristic avonoid C-glycoside, which occurred at a high levels in Z. jujuba seeds (Fig. 1) . It is another important bioactive compound responsible for the hypnotic effect of this plant. Similar to jujubosides, spinosin regulates the serotonergic system to inhibit insomnia. 21 Further evidence suggested that spinosin potentiates pentobarbital-induced sleep via the serotonin-IA (5-hydroxytryptamine, 5-[HT.sub.1A]) receptor.
22 Though cyclopeptide alkaloids have been reported as another pharmacologically active chemical to contribute to the hypnotic acitivity, 23 they were not detected from the UPLC-MS/MS and GC-MS proles in this work. P. tenuifolia root is another commonly used ingredient in traditional medicine to treat insomnia. 24 The responsible active chemicals are oligosaccharide esters and saponins, which are different to the chemicals in Z. jujuba seeds. Therefore, it is important to dene pharmacological quality by quantifying the levels of specic chemicals. UPLC-MS/MS is a good choice of method to carry out the analysis.
In the UPLC-MS/MS prole, betulinic acid and bizyphursolic acid were the leading chemicals in Z. jujuba seeds.
14 Both share similar structural characteristics as pentacyclic triterpene acid, which implies similar bioactivities. Comparing with zizyphursolic acid, betulinic acid is more common in the plant kingdom and has been proven to display diverse biological effects, including anticancer, antiinammatory and antiviral activities.
25 It is also a potential biological response modier capable of strengthening the immune system of the host. 26 The occurrence of these bioactive compounds in large amounts results in the good pharmacological and health-benecial properties of Z. jujuba seeds.
GC-MS analysis showed that the major volatile compounds in Z. jujuba seeds were fatty acids. Among these, oleic acid was the leading volatile chemical, which is consistent with the determinations of Zhao et al. 27 It is also a pharmacologically active chemical. The essential oil of Z. jujuba seeds has been reported to have hair growth promoting activity, 28 and antiinammatory activity.
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Based on the level and importance for pharmacological function, spinosin, zizyphursolic acid, betulinic acid, ceanothic acid, epiceanothic acid and linoleic acid identied in the UPLC-MS/MS prole were selected to evaluate the quality of Z. jujuba seeds. Z. jujuba seeds with relatively high levels of bioactive compounds are considered good quality. Through ANOVA analysis of representative chemicals levels (data not shown), the results indicated that the six seed samples studied had no signicant difference in the levels of zizyphursolic acid. The levels of betulinic acid (2# > 4# ¼ 6#), linoleic acid (1# > 6#), ceanothic acid (3# ¼ 5# > 6# > 2#), epiceanothic acid (5# > 3# > 1#) were detected. It is not possible to dene the total quality of Z. jujuba seeds through only the level of one bioactive compound. Therefore, PCA should be conducted to differentiate the quality between the samples.
PCA of Z. jujuba seeds phytochemicals
PCA is an unsupervised clustering technique for identifying patterns in data, expressing the data in such a way as to emphasize their similarities and differences. Through reducing the number of dimensions, it can dene a limited number of principal components which describe independent variation in the results. 10, 30 In the present work, PCA was carried out on semi-polar and volatile chemicals of Z. jujuba seeds to nd the principal phytochemicals dening the pharmacological quality. The loading plot displayed the inuence of individual spectral peaks in each principal component and described the difference of the samples in the score plot. 31 The points in the loading plot far from the zero point represented characteristic markers with the most condence for each group. Fig. 3 shows the plots of PCA on semipolar and volatile chemicals of Z. jujuba seeds. As most of bioactive compounds are present in the methanolic extract of Z. jujuba seeds, the UPLC-MS/MS results presented more information on quality. It was better to judge the quality on the basis of UPLC-MS/ MS analyses, and the GC-MS results could also be used as a supplementary reference. Fig. 3A shows the characteristic compounds in each sample. The rst two principal components explained most of the total variance. It was surprising that betulinic acid had the leading peak in the UPLC-MS/MS prole. However, it was not the representative chemical in the rst two principal components due to the insignicant variance. Only those chemicals having signicant variance are recorded in the PCA model. The loading plot showed that ceanothic acid, 6 00 -feruloylspinosin, jujuboside B (second quadrant), glycerol ester 1, linoleic acid derivative, pseudolaroside B (third quadrant), kaempferol 3-rutinoside, linoleic acid (fourth quadrant) are the principal components which dened the quality differences between Z. jujuba seeds. The sample located in a quadrant of score plot is characterized by high amounts of bioactive compounds located in the same quadrant and low amounts of compounds in the opposite quadrant of the loading plot. In this work, samples 1#, 2# and 4# shared closely related similar qualities, which had high amounts of linoleic acid and kaempferol 3-rutinoside, and low amounts of ceanothic acid. However, samples 3#, 5# and 6# showed signicant differences between one another.
Concluding remarks
From the above results, it could be concluded that determination of the phytochemical prole is an efficient way to dene the pharmaceutical quality of Z. jujuba seeds. By using analyses of UPLC-MS/MS and GC-MS, the semi-polar and volatile chemicals were identied and their levels were statistically compared. Betulinic acid was the leading semi-polar chemical in Z. jujuba seeds, and oleic acid was the leading volatile chemical. PCA could differentiate well between the quality of Z. jujuba seed samples. a Represents the chemicals having the same number listed in Table 1 . a Represents the chemicals having the same number listed in Table 2 .
